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(57) ABSTRACT

A HARQ data reception scheme for a multiradio communi-
cation device 1s disclosed. The communication device oper-
ates multiple radio connections and monitors interference
level caused to a target radio connection by at least one other
radio connection operated 1n the communication device. A
data packet and at least one retransmission data packet are
received with the target radio connection. The utilization of
the received data packet and the at least one received retrans-
mission data packet in a hybrid automatic repeat request data
reception 1s determined according to the interference level at
the time 1nstant associated with the reception of the corre-
sponding data packet. Under high interference, the received
data packet may be discarded, and detected and decoded data
packets may be weighted for the HARQ combining according
to the interference levels associated with the data packets.

24 Claims, 3 Drawing Sheets
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HARQ DATA RECEPTION IN MULTIRADIO
DEVICE

FIELD

The invention relates to data reception 1n a communication
device operating multiple radio connections.

BACKGROUND

The number of different radios 1n a mobile communication
device 1s steadily increasing to facilitate more tlexible con-
nectivity and a broader range of services. Cellular access
alone 1s no longer suificient, but new wireless technologies
are integrated into communication devices now and espe-
cially in the future to enable novel connectivity solutions.
Integration of multiple radios into a single terminal, however,
introduces a serious integration challenge that 1s becoming
more pronounced as the number of radios increases. One
clement of the integration challenge 1s the appropriate han-
dling of simultaneous operation of radios. It 1s quite evident
that users are willing to use different radios at the same time,
like using a headset employing wireless Bluetooth® technol-
ogy during a GSM phone call, and using a wireless local area
network (WLAN) connection for Internet browsing, for
example.

If there are two or more operational radio connections from
one communication device, the connections may very well
interfere with one another. Even if the connections are not
operating on the same frequency band, they may still interfere
with each other due to the non-idealities in the components’
of the communication device. The components may 1ntro-
duce spectral leakage, and the selectivity of recervers may not
be 1deal, meaning that they may also recetve signal compo-
nents belonging to a signal other than the desired one.

Mobile telecommunication systems have adopted a hybrid
automatic repeat request (HARQ) scheme for packet radio
services 1n order to enable reliable and fast transier of data
packets. Mobile telecommunication systems employing the
HARQ scheme include Wimax, high-speed packet access
(HSPA) of Umversal Mobile telecommunication System
(UMTS) based on wideband code division multiple access
(W-CDMA), and a Fast Low-latency Access with Seamless
Handoil Orthogonal Frequency Division Multiple Access
(FLASH-OFDM). Many of upcoming wireless telecommu-
nication systems will be utilizing HARQ, too.

In a multiradio communication device, the level of the
interference caused by one connection to another may be
significantly high due to the close proximity of transmitters
and recervers. Accordingly, a problem with the conventional
HARQ 1s that a data packet recetved under a strong interfer-
ence will be detected and decoded. Probably, the decoding of
the data packet was not successtul and, thus, the decoded data
contains errors. The information obtained from the data
packet will then be stored and combined later with retrans-
missions of the same data packet in order to decode the
payload information correctly. Accordingly, the data packet
received under the strong interference and containing a sig-
nificant amount of errors may hinder data detection in the
combining stage considerably.

BRIEF DESCRIPTION OF THE

INVENTION

An object of the invention 1s to provide an improved solu-
tion for hybrid automatic repeat request data reception 1n a
communication device.
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According to an aspect of the invention, there 1s provided a
method. The method comprises monitoring interference level
caused to a target radio connection by at least one other radio
connection, the radio connections being operated 1n the same
communication device, recerving a data packet and at least
one retransmission data packet with the target radio connec-
tion, and determining the utilization of the recerved data
packet and the at least one received retransmission data
packet 1n a hybrid automatic repeat request data reception
according to the interference level at the time 1nstant associ-
ated with the reception of the corresponding data packet.

According to another aspect of the invention, there 1s pro-
vided an apparatus. The apparatus comprises an intertace
configured to receive a data packet and at least one retrans-
mission data packet, and a processing unit. The processing
unit 1s configured to monitor interterence level caused to a
target radio connection by at least one other radio connection,
the radio connections being operated 1n the same communi-
cation device comprising the apparatus, and determine the
utilization of the received data packet and the at least one
received retransmission data packet in a hybrid automatic
repeat request data reception according to the interference
level at the time 1nstant associated with the reception of the
corresponding data packet.

According to another aspect of the invention, there 1s pro-
vided a radio communication device comprising the above-
mentioned apparatus.

According to yet another aspect of the invention, there 1s
provided a computer program product encoding a computer
program of mstructions for executing a computer process for
carrying out the above-mentioned method.

According to yet another aspect of the invention, there 1s
provided a computer program distribution medium readable
by a computer and encoding a computer program of nstruc-
tions for executing a computer process for carrying out the
above-mentioned method.

LIST OF DRAWINGS

In the following, the invention will be described in greater
detail with reference to the embodiments and the accompa-
nying drawings, 1n which

FIG. 1 illustrates a block diagram of a communication
device according to an embodiment of the invention operating
multiple radio connections;

FIG. 2 1s a layered diagram of the communication device
according to an embodiment of the invention;

FIG. 3 illustrates a block diagram of units related to data
reception 1n the communication device according to an
embodiment of the invention;

FIG. 4 1s a flow diagram 1llustrating a hybrid automatic
repeat request data reception procedure according to an
embodiment of the invention, and

FIG. 5 1s a flow diagram 1llustrating a hybrid automatic
repeat request data reception procedure according to another
embodiment of the invention.

DESCRIPTION OF EMBODIMENTS

Next, a structure of a communication device employing a
number of simultaneous radio connections will be described
with reference to FIG. 1. The communication device 100 may
be for example a mobile communication device, a computer,
a laptop, or a PDA (Personal Digital Assistant). The commu-
nication device 100 may also be a combination of two elec-
tronic devices, such as a computer with a mobile communi-
cation device connected to the computer.
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The communication device 100 comprises a number of
communication interfaces 110 to 114 to provide wireless
radio connections. The communication interfaces 110 to 114
may be configured to provide connections employing ditfer-
ent radio access technologies. In our example, the communi-
cation interface 110 provides a communication link 116 with

a mobile telecommunication network through a serving base
transceiver station 122. The mobile telecommunication net-
work may provide a high-speed packet radio service 1n its
coverage area. The mobile telecommunication network may
be based on wideband code division multiple access
(W-CDMA) of orthogonal frequency division multiple
access (OFDMA), for example. The communication inter-

tace 114 provides a WLAN (Wireless Local Area Network)
connection 118 with a serving WLAN access point 124.

A communication interface 112 provides another wireless
connection 120, using Bluetooth®-technology, with a user
interface component 106. The user interface component 106
may be for example a headset of a mobile telephone, com-
prising a microphone, a loudspeaker, and a communication
interface for a Bluetooth® connection with the mobile tele-
phone. The user interface component 106 may also be a
keyboard or a mouse operating with a computer through a

Bluetooth® link.

The communication interfaces 110 to 114 described above
may be using partially the same components of the commu-
nication device 100 during the operation of radio connections
116 to 120. The communication interfaces 110 to 114 may be
using for example the same antenna or antennas, radio fre-
quency amplifier, and/or radio frequency filter. Each commu-
nication interface 110 to 114 may naturally have 1ts own
components or only some of the communication interfaces
110 to 114 may be using the same components.

In the example of FIG. 1, three communication interfaces
110 to 114 are provided in the communication device 100,
these interfaces 110 to 114 providing the Bluetooth® connec-
tion 120, the radio connection 116 to the base station 122, and
the WLAN connection 118, respectively. It should, however,
be appreciated that the communication device according to
the mvention 1s limited neither to the number of communica-
tion interfaces i the communication device nor to the wire-
less communication technology the communication inter-
faces 116 to 120 provide. Thus, the communication device
100 may comprise several communication interfaces provid-
ing connections based on, for example, the following tech-
nologies: GSM, WLAN, Bluetooth®, W-CDMA, OFDMA
(or any other multicarrier radio access), GPRS (General
Packet Radio Service), EDGE (Enhanced Data Rates for
GSM Evolution), DVB-H (Digital Video Broadcasting for
Handheld devices), UWB (Ultra Wideband), GPS (Global
Positioning System), CDMA2000. Other wireless communi-
cation technologies are also possible to be implemented 1n the
communication device according to the invention.

The communication device 100 further comprises a pro-
cessing unit 104 to control functions of the device 100. The
processing unit 104 comprises means for creating radio con-
nections between the communication device 100 and other
communication devices or networks. The processing unit 104
also comprises means for controlling a number of simulta-
neous radio connections in the communication device 100.
The processing unit 104 may also comprise means for con-
trolling data reception and decoding in the communication
device 100. The processing unit 104 may be implemented
with a digital signal processor with suitable software or with
separate logic circuits, for example with ASIC (Application
Specific Integrated Circuit). The processing unit 104 may
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also be a combination of these two implementations, such as
a processor with suitable software embedded within an ASIC.

The commumnication device 100 may further comprise a
user intertace 102 connected to the processing umit 104. The
user interface 102 may comprise a keyboard, a microphone, a
loudspeaker, a display, and/or a camera.

The communication device 100 usually comprises a volt-
age source 108 to provide current for the operation of the
device 100. The voltage source 108 may be for example a
rechargeable battery.

FIG. 2 illustrates an example of an architecture of the
communication device 100. The architecture 1s depicted in a
layered form with lower layers providing services to higher
layers.

On the highest layer are provided applications 200 to 204
that may need a radio connection. The application 200 to 204
may be for example an application handling a voice call, a
web or WAP (Wireless Application Protocol) browser, an
¢-mail client, a GPS navigation application, a gaming appli-
cation, or a media player application. Whenever an applica-
tion 200 to 204 needs a radio connection to another commu-
nication device or network, the application sends a request to
a lower layer to establish the connection. During the opera-
tion of the connection, the application sends data related to
the application to lower layers for transmission over the con-
nection to the other communication device. Similarly, the
application receives data related to the application from the
other commumnication device via the connection through the
lower layers. When a need no longer exists to maintain the
connection, the application sends a request to a lower layer to
terminate the connection.

On the lower layer, services may be provided to the appli-
cations 200 to 204 by a connection selection manager 206.
The connection selection manager 206 may select an appro-
priate connection for an application based on a set of connec-
tion profiles stored in its database. A user or an operator, for
example, may define the connection profiles, and the profiles
may be based on optimization of some criterion, for example
throughput, bit error rate or cost-etficiency of the connection.
The connection selection manager 206 1s an optional layer 1n
the architecture of the communication device 100, since the
applications 200 to 204 may be designed to define the suitable
connections by themselves.

The next lower layer 1s a multiradio controller 208. The
multiradio controller 208 establishes, controls, and termi-
nates radio connections according to the connection require-
ments from the higher layers. The multiradio controller 208 1s
also responsible for taking care of the simultaneous operation
of multiple radio connections. The concept of the multiradio
controller 1s known from the applicant’s US patent applica-
tion US 2006135076 which has been incorporated herein as a
reference.

The multiradio controller 208 may be a two-fold entity.
First of all, there 1s a common control element 210, which
communicates with the higher layers. It recetves requests for
creating and terminating a radio connection from the appli-
cations 200 to 204 or, if applied, the connection selection
manager 206. The common control element 210 may also
check the availability of the radio connection requested from
a higher layer, and either start a process for creating a radio
connection or inform higher layers that the requested radio
connection 1s not currently available. The common control
clement 210 1s also responsible for controlling the simulta-
neous operation of multiple radio connections by adjusting
the parameters of an existing connection whenever a new
radio connection which would interfere with an existing radio
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connection 1s created, or whenever the common control ele-
ment 210 detects a suilicient change 1n the properties of an
ex1isting connection.

The multiradio controller 208 also comprises radio-spe-
cific entities 212 to 224. Each radio-specific entity can be seen
as an interface between the common control element 210 of
the multiradio controller 208 and the specific radio interface.
A radio-specific entity takes care of controlling one radio
connection according to the parameters received from the
common control element 210. A radio-specific entity is close
to the physical layer of the connection, which enables rapid
adaptation to the changing environment and fast control of the
connection. The functionality of each radio-specific entity 1s
radio-system-specific, which means that the parameters from
the common control element 210 are applied to the standard
specifications of the radio system. A radio-specific entity may
also supply the common control element 210 with the mea-
sured properties of the connection 1t controls. The measured
properties of the connection may comprise the bit error rate
(BER), block error rate, or the frame error rate (FER) of the
connection. The measured properties may also comprise
received energy per chip divided by the noise power density in
the band (Ec/No), mterference signal code power (ISCP),
received signal code power (RSCP), received signal strength
indicator (RSSI), signal-to-interference-power ratio (SIR),
and carrier-to-interterence-power ratio (C/1).

Below the radio-specific entities 212 to 224 in FIG. 2 are
provided the communication interfaces 226 to 238. Each
communication interface takes care of encoding and decod-
ing data into suitable electrical waveforms for transmission
and reception on the specific physical media used. This pro-
cess 1s carried out according to each radio-access-specific
standard. The architecture of FIG. 2 employs physical layers
of EDGE, W-CDMA, WLAN, Bluetooth®, DVB-H, UWB
and GPS radio access technologies, but the operation of the
multiradio controller 1s not limited to these technologies as it
can be configured to control also other wireless radio access
technologies.

The multiradio controller 208 according to an embodiment
ol the mvention monitors interference levels between active
radio connections operated by the multiradio controller 208.
Accordingly, the multiradio controller 208 monitors self-in-
terference affecting the reception quality of a given radio
connection. The self-interference to the given radio connec-
tion 1s caused by other active radio connections 1n the com-
munication device 100. For example, transmission with one
radio connection may deteriorate the reception with another
radio connection, 1 the two connections share the same radio
resources, 1.¢. use the same frequency band at the same time.
The multiradio controller 208 may deduce the seli-interfer-
ence levels from the transmission parameters of the active
radio connections. An active radio connection refers to that a
radio connection has been established between the commu-
nication device 100 and another radio transceiver, for

example one of transceivers 122, 106, 124 1llustrated 1n FIG.
1.

Let us now focus on a radio connection operated by the
multiradio controller 208. The target radio connection utilizes
packet radio transmission utilizing a hybrid automatic repeat
request (HARQ) scheme according to an embodiment of the
invention. FIG. 3 1s a block diagram illustrating components
of the commumication device 100 affecting reception and
processing ol data packets recerved with the target radio
connection.

A radio record 302 stores parameters of every radio con-
nection active 1n the communication device 100, 1.e. being
controlled by the multiradio controller 208. Accordingly, the
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radio record 302 stores information on transmission param-
eters of the active radio connections. The stored parameters of
a given radio connection may include transmission Ire-
quency, transmit power, transmission timing, data rate, 1sola-
tion properties with the other radio connection, information
on non-idealities causing interference to other radio connec-

tions, such as spectral leakage, level of harmonic components
of a transmission signal etc.

A connection monitoring unit 306 monitors the self-inter-
terence level caused to the active target radio connection by at
least one other active radio connection. The connection moni-
toring unmit 306 may constantly monitor the transmission
parameters of the target radio connection and the other active
radio connection and determine the self-interference level
from the transmission parameters. The connection monitor-
ing unit 306 may calculate, for example, a carrier-to-interfer-
ence-power ratio (C/I) from the transmission parameters to
measure the interference level. Other metrics for determiming,
the interference level are also possible. The metric may be one
of the measured properties of a momtored connection listed
above.

Accordingly, the connection momtoring unit 306 does not
have to estimate the interference level from a recerved signal,
which simplifies the determination of the interference level.
On the contrary, conflicting radio connections may be 1den-
tified 1n a development or production phase of the communi-
cation device 100, and corresponding parameter may be
stored 1n the radio record 302. For example, 11 1t 1s known that
the target packet radio connection will have contlicts with
another radio connection with given transmission parameters,
these transmission parameters causing the conflict may be
stored 1n the radio record 302. Alternatively, the communica-
tion device 100 may be calibrated according to the test results
obtained from a field-testing of the communication device
100. In other words, the communication device 100 may be
tested 1n a real environment, the interterence levels between
the radio connections may be measured and transmission
parameters causing interierence may be detected and stored
in the radio record 302 of the communication device 100.

For instance, if the two radio connections operate tempo-
rarily on the same frequency band and the other radio con-
nection 1s transmitting with a given (or higher) transmit
power, that radio connection will deteriorate the data recep-
tion 1n the target packet radio connection. The connection
monitoring unit 306 may immediately detect the occurrence
of the conflicting transmission parameters and control data
reception of the target packet radio connection accordingly.
The data reception under the control of the connection moni-
toring unit 306 1s described below.

A data packet belonging to a given HARQ process may be
received over the target radio connection through a radio
interface 310. The connection monitoring unit 306 may deter-
mine the interference level at the time of reception of the data
packet. If the interference level associated with the recerved
data packet exceeds a predetermined threshold level, the con-
nection monitoring unit 306 may determine that the data in
the received data packet should not be detected and decoded.
Accordingly, the recerved data packet 1s then discarded, and a
negative acknowledgment (NACK) signal may be transmit-
ted to a transmuitter of the data packet. Alternatively, no signal
may be transmitted instead of transmitting the NACK -signal.
If the interference level associated with the recerved data
packet exceeds the threshold level, the recerved data packet 1s
considered to be corrupted with so much interference that
data detection and decoding will not be worth while, since the
decoded data would include too many errors. Therefore, 1t
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would be appropriate to discard the data packet 1n order to
save power and avold unnecessary calculations 1n the data
detection and decoding.

The threshold may be selected according to a given crite-
rion. For example, a given bit or symbol error probability
boundary may be determined for defining when it 1s advan-
tageous to detect and decode the received data. With a higher
error probability, the detection and decoding 1s no more
advantageous. A given interference level causing the deter-
mined bit or symbol error probability may then be calculated
and used as the threshold level. The above-described way to
define the threshold 1s merely exemplary, and the threshold
may be determined 1n any other way.

On the other hand, i1 the interference power level associ-
ated with the recerved data packet 1s below the threshold level,
the connection monitoring unit 306 may give a data detection
and decoding unit 308 a command to detect and decode the
data 1n the recerved data packet. Additionally, the data detec-
tion and decoding unit 308 may check whether the decoded
data comprises errors. This may be performed with a cyclic
redundancy check (CRC), for example. If the decoded data
includes errors, the decoded data may be stored as soft values,
1.€. as symbol or bit probabilities, and a NACK-signal may be
transmitted to the transmitter in order to recerve a retransmis-
s1on of the same data packet. The interference level associated
with the data packet may also be stored for later use.

When the retransmission data packet belonging to the same
HARQ process 1s received, the connection monitoring unit
306 may again determine the interference level at the time of
reception of the retransmission data packet. If the interference
level exceeds the threshold level, the retransmission data
packet 1s discarded. If the interference level 1s below the
threshold level, the connection monitoring unit 306 1nstructs
the data detection and decoding umit 308 to detect and decode
the data 1n the recerved retransmission data packet.

When two transmissions of the data packet belonging to the
above-mentioned HARQ process have been detected and
decoded, the decoded soft data may be combined 1n the
HARQ combining unit 304. According to an embodiment of
the invention, the connection monitoring unit 306 may weight
the decoded soft data obtained from the recetved data packets
according to the interference levels associated with the cor-
responding data packets. The connection monitoring unit 306
may assign the weight to a data packet inversely proportion-
ally to the interference level associated with the data packet.
Accordingly, soft data obtained from a data packet associated
with a higher interference level 1s assigned with a lower
weight than soit data obtained from a data packet associated
with a lower interference level. The connection monitoring,
unit 306 may give the corresponding weights to the HARQ
combining unit 304. Then, the HARQ combiming unit 304
combines the bit/symbol probabilities of the recerved data by
applying the assigned weighting, and makes hard bit/symbol
decisions and another CRC. If the CRC indicates that the
combined data still comprises errors, another retransmission
1s needed. The same above-mentioned procedure 1s carried
out with respect to additional retransmissions. If the CRC
indicates that the combined data contains no errors, the
HARQ process has been completed and the data has been
decoded correctly.

In general, the connection monitoring unit 306 selects
received data packets for detection, decoding, and HARQ
combining on the basis of the interference level associated
with each recerved data packet. One skilled 1n the art knows
the conventional HARQ procedure and, thus, 1t will not be
described here 1n greater detail. HARQ processing according
to embodiments of the invention may be applied to both chase
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combining and incremental redundancy HARQ processing.
In chase combining, retransmission data packets have the
same content as an initially transmitted data packet. In incre-
mental redundancy, the retransmission may include addi-
tional information, such as additional parity bits, which were
not transmitted in the initial transmission.

In the procedure described above, the whole data packet
will be discarded, i1 the interference level associated with the
data packet exceeds the threshold level. That procedure 1s
suitable for single carrier packet radio reception. Another
embodiment of the invention relates to multicarrier data
reception utilized 1n a target packet radio connection. When a
data packet 1s received on a plurality of subcarriers, the con-
nection momtoring unit 306 may associate each subcarrier
with a given interterence level. The interference level for each
subcarrier may be obtained from the transmission parameters
of the target radio connection and other active radio connec-
tions, as described above. Instead of processing each subcar-
rier separately, the subcarriers may be grouped and each
group may be associated with a given interference level. IT a
given subcarrier (or subcarrier group) 1s associated with an
interference level exceeding a predetermined threshold level
(may be the above-mentioned threshold level or another
threshold level), the subcarrier (group) 1s discarded, 1.e. no
data detection and decoding will be carried out on the sub-
carrier (group). Accordingly, the connection monitoring unit
306 may instruct the data detection and decoding unit 308
accordingly. On the other hand, 11 the interference level asso-
ciated with the subcarrier (group ) 1s below the threshold level,
the data in the subcarrier (group) will be decoded and detected
by the detection and decoding unit 308. The data detection
and decoding unit 308 may derive the values of the symbols 1n
the discarded subcarriers from the symbols of decoded sub-
carriers, or the HARQ combining unit 304 may obtain the
missing mformation from retransmission data packets.

When combining the decoded soft data of different trans-
missions of the same HARQ process in the HAR(Q combining
unit 304, similar weighting as described above may be used.
The connection monitoring unit 306 may weight the soit data
obtained from the subcarriers inversely proportionally to the
interference levels associated with the corresponding subcar-
riers. Accordingly, soft data obtained from a subcarrier
(group) associated with a higher interference level 1s assigned
with a lower weight than soit data obtained from a subcarrier
(group) associated with a lower interference level. The con-
nection monitoring unit 306 may give the corresponding
weights to the HARQ combining unit 304. Then, the HARQ
combining unit 304 combines the bit/symbol probabilities of
the received data by applying the assigned weighting, and
makes hard bit/symbol decisions and a CRC. If the combined
data still comprises errors, another retransmission 1s needed.
The same procedure 1s carried out with respect to additional
retransmissions. If the combined data contains no errors, the
HARQ process has been completed and the data has been
decoded correctly.

According to an embodiment of the invention, the multi-
radio controller 208 may adjust transmission parameters of at
least one active radio connection upon detection of 1nterfer-
ence level exceeding the predetermined threshold. In other
words, 1f the connection monitoring unmt 306, which may be
part of the multiradio controller 208, detects an interference
level causing discard of data packets, the connection moni-
toring unit 306 may inform the radio connection management
section of the multiradio controller of the increased interfer-
ence level aflecting the target radio connection. As a
response, the radio connection management section may
adjust transmission parameters of the target radio connection
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and/or an interfering radio connection (or connections) in
order to reduce the interference level.

Next, a process for packet radio reception according to an
embodiment of the invention will be described with reference
to a flow diagram 1n FIG. 4. The process starts in block 400.
In block 402, interference level associated with a target radio
connection being active 1n the communication device 100
according to an embodiment of the invention 1s being moni-
tored. The monitoring may be continuous, meaning that the
monitoring may be performed while carrying out other opera-
tions, 1.e. while processing other blocks of FIG. 4. The level of
interference caused to the target radio connection by other
radio connections active in the communication device 100
may be monitored by monitoring transmission parameters of
both the target radio connection and the interfering radio
connections and determining the interference level from the
transmission parameters.

In block 404, a data packet belonging to a given HARQ
process 1s recerved. The data packet may be an initial trans-
mission of the HARQ process. In block 406, the level of
interference affecting the target radio connection at the time
the data packet was recerved 1s compared with a predeter-
mined threshold level. 1T the interference level exceeds the
threshold level, the process moves to block 408 1n which the
data packet 1s discarded. If the interference level 1s below the
threshold level 1n block 406, the process moves to block 410
in which data 1n the data packet 1s detected and decoded.

If the data packet 1s the first data packet of the HARQ
process that was detected and decoded, block 412 will not be
carried out at this stage. Instead, the process moves directly to
block 414 1 which 1t 1s checked whether the decoded data
contains errors, 1.¢. whether or not the data packet was
decoded correctly. This may be performed with CRC, for
example. I the decoded data contains no errors, the process
moves to block 418 1n which the HARQ process ends. On the
other hand, 1f the decoded data contains errors, the process
moves from block 414 to block 416 1n which a retransmission
data packet 1s recerved. If the data packet was discarded 1n
block 408, the process moves from block 408 to block 416,
too. The retransmission data packet may contain the same
data as the previously received data packet (chase combining)
or additional information facilitating the correct decoding of
the previously received data packet (incremental redun-
dancy).

From block 416, the process returns to block 406 1n which
the interference level at the time the retransmission data
packet was recerved 1s compared with the threshold level, and
it 1s determined whether the retransmission data packet
should be discarded or detected and decoded.

If block 410 has been carried out at least two times 1n the
HARQ process, block 412 1s carried out. In block 412,
decoded data of each received data packet (initial and retrans-
missions) 1s weighted according to the interference level
associated with the corresponding data packet in block 406.
Decoded data of a data packet associated with a high inter-
terence level 1s weighted less than decoded data of a data
packet associated with a low interference level. Thus, more
weilght1s assigned to the data which 1s assumed to be decoded
more reliably. After block 410, the decoded data 1s 1n the form
of bit or symbol probabilities, 1.¢. in soft values. In block 412,
the decoded data of the received data packets 1s combined
according to the assigned weights. For example, 1f a given
symbol 1s mncluded in at least two data packets, the symbol
value will be determined by taking into account the soft
symbol values obtained from each data packet for the particu-
lar symbol and corresponding weights of the soft symbol
values.
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For example, let us assume that possible symbol values are
1 and -1. A soit symbol value obtained from a data packet
assigned with a low weight has value 0.4 indicating that the
symbol value 1s more probably 1, while a soit symbol value
obtained from a data packet assigned with a high weight has
value -0.2 indicating that the symbol value 1s more probably
—1. Now, -1 may be selected as the combined symbol value
even though the soft symbol value having the lower weight
indicates a higher probability for the symbol value being 1
(0.4 vs. 0.2). The combined symbol value selection depends
on the assigned weights, and 1 could be selected as the sym-
bol value, 11 the weights were very close to each other.

HARQ-combined data 1s obtained as a result of carrying
out block 412. Thereafter, the HARQ-combined data 1is

checked for errors 1n block 414.

FIG. 5 illustrates a process for receiving data packets
belonging to a HARQ process, in which process the data
packets are recerved on a multicarrier radio signal comprising,
a plurality of subcarriers. The process 1s similar to that
described with reference to FIG. 4 but now the decision of
whether to discard or detect and decode data 1s performed on
subcarrier level instead of data packet level. The process starts
in block 500.

In block 502, an interference level of the target connection
1s monitored. The monitoring may be divided into frequency
sub-bands of the band-width occupied by the target radio
connection. Accordingly, the intertference level of each ire-
quency sub-band may be monitored. The number of ire-
quency sub-bands may be equal to the number of the subcar-
riers used 1n the transmission of the data packets, or a number
of subcarriers may be grouped and the number of frequency
sub-bands may be equal to the number of subcarrier groups.

In block 504, a data packet 1s received on the plurality of
subcarriers. The data packet may be the initial transmission of
the HARQ process under study. In block 506, the interference
level associated with each subcarrier (or subcarrier group) 1s
compared with a predetermined threshold level. The interfer-
ence levels are obtained at the time the data packet was
received. If the imterference level associated with a given
subcarrier (or subcarrier group) exceeds the threshold level,
the subcarrier(s) are discarded, 1.e. they will not be detected
and decoded. On the other hand, if the interference level
associated with the subcarrier (or subcarrier group) exceeds
the threshold level, the subcarrier(s) 1s (are) selected for
detection and decoding. The detection and decoding of the
selected subcarriers 1s carried out 1n block 510.

If the data packet i1s the first data packet of the HARQ
process that was detected and decoded, block 512 will not be
carried out at this stage. Instead, the process moves directly to
block 514 1n which 1t 1s checked whether the decoded data
contains errors, 1.e. whether or not the data packet was
decoded correctly. This may be performed with CRC, for
example. I the decoded data contains no errors, the process
moves to block 518 in which the HARQ process ends. On the
other hand, if the decoded data contains errors, the process
moves from block 514 to block 516 1n which a retransmission
data packet s received. From block 516, the process returns to
block 506 1n which the interference levels associated with the
subcarriers (or subcarrier groups) of the retransmission data
packet are compared with the threshold level. Accordingly,
subcarriers of the retransmission data packet are selected for
detection and decoding.

I1 block 510 has been carried out at least two times in the
HARQ process, block 512 is carried out. In block 512, data
decoded from the subcarriers of each recerved data packet
(initial and retransmissions) 1s weighted according to the
interference level associated with the corresponding data
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packet 1n block 406. Data decoded from subcarriers associ-
ated with a high interference level 1s weighted less than data
decoded from subcarriers associated with a low interference
level. Thus, more weight 1s assigned to the data which 1s
assumed to be decoded more reliably. After block 510, the
decoded data 1s 1n the form of bit or symbol probabilities, 1.¢.
in soft values. In block 512, the decoded data of the received

data packets 1s combined according to the assigned weights.
Then, combined data 1s checked for errors in block 514.

The embodiments of the mnvention may be realized 1n a
radio communication device, comprising a user interface, a
plurality of communication interfaces, and a processing unit.
The processing unit may be configured to perform at least
some o1 the steps described 1n connection with the flowcharts
of FIGS. 4 and 5 and 1n connection with FIGS. 2 and 3. The
embodiments may be implemented as a computer program
comprising instructions for executing a computer process for
data packet reception and processing according to embodi-
ments of the invention.

The computer program may be stored on a computer pro-
gram distribution medium readable by a computer or a pro-
cessor. The computer program medium may be, for example
but not limited to, an electric, magnetic, optical, infrared or
semiconductor system, device or transmission medium. The
computer program medium may include at least one of the
following media: a computer readable medium, a program
storage medium, a record medium, a computer readable
memory, a random access memory, an erasable program-
mable read-only memory, a computer readable software dis-
tribution package, a computer readable signal, a computer
readable telecommunications signal, computer readable
printed matter, and a computer readable compressed software
package.

Even though the invention has been described above with
reference to an example according to the accompanying
drawings, 1t 1s clear that the invention 1s not restricted thereto
but 1t can be modified 1n several ways within the scope of the
appended claims.

The invention claimed 1s:
1. A method, comprising;:

monitoring interference level caused to a target radio con-
nection by at least one other radio connection, the target
radio connection and the at least one other radio connec-
tion being operated in the same communication device;

receiving a data packet and at least one retransmission data
packet with the target radio connection; and

determining a utilization of the recerved data packet and
the at least one received retransmission data packet
according to the interference level at a time mstant asso-
ciated with the reception of a corresponding data packet;

discarding the recerved data packet before decoding the
received data packet, 11 the interference level associated
with the data packet indicates the interference level 1s
higher than a predetermined threshold.

2. The method according to claim 1, further comprising:

selecting data packets for detection and decoding accord-
ing to interference levels associated with the data pack-
etls,

detecting and decoding the selected data packets;

assigning a weight to the decoded data of each decoded
data packet according to the interference level associ-
ated with the corresponding data packet; and

combining the decoded data of the data packets by using
the weights assigned to the decoded data.
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3. The method according to claim 2, further comprising:

configuring the weight assigned to the data packet to be
iversely proportional to the interference level associ-
ated with the data packet.

4. The method according to claim 1, wherein the interfer-
ence level 1s obtained from transmission parameters of the
target radio connection and the at least one other radio con-
nection.

5. The method according to claim 4, wherein the transmis-
s1on parameters of a given radio connection include at least
one of the following transmission parameters: transmit fre-
quency, transmit power level, 1solation properties with the
other radio connection, transmission time instants, and level
of harmonic components of a transmission signal.

6. The method according to claim 1, wherein data packets
are recerved on a plurality of subcarriers, the method further
comprising;

determining the interference level for each of the plurality
of subcarriers, and

discarding a subcarrier before data detection, 11 the inter-
ference level associated with the subcarrier 1s higher
than a predetermined threshold.

7. The method according to claim 6, further comprising:

selecting subcarriers for detection and decoding according,
to the interference levels associated with the subcarriers:

detecting and decoding the selected subcarriers;

assigning a weight to decoded data of each decoded sub-
carrier according to the interference level associated
with the corresponding subcarrier; and

combining the decoded data of the data packets according
to the assigned weighting of the decoded data.

8. The method according to claim 1, wherein the method 1s
carried out 1n a communication device operating a plurality of
radio connections, the method further comprising:

adjusting transmission parameters of at least one radio
connection operated 1n the communication device upon
detection of the interference level exceeding a predeter-
mined threshold.

9. The method of claim 1, wherein the recerved data packet
and the at least one received retransmission data packet are
received 1n a hybrid automatic repeat request data reception.

10. The method according to claim 9, wherein the recerved
data packet and the at least one retransmission data packet
belong to the same hybrid automatic repeat request data
reception.

11. An apparatus, comprising;:

an mterface configured to receive a data packet and at least
one retransmission data packet;

a processing unit configured to monitor interference level
caused to a target radio connection by at least one other
radio connection, the target radio connection and the at
least one other radio connection being operated 1n the
same communication device comprising the apparatus,
and determine a utilization of the received data packet
and the at least one recerved retransmission data packet
according to the interference level at a time 1nstant asso-
ciated with the reception of a corresponding data packet
at a time 1nstant associated with the reception of a cor-
responding data packet,

the processing unit 1s further configured to discard the data
packet before decoding the recerved data packet, 11 the
interference level associated with the data packet indi-
cates the interference level i1s higher than a predeter-
mined threshold.

12. The apparatus according to claim 11, wherein the pro-

cessing unit 1s further configured to select data packets for
detection and decoding according to interference levels asso-
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ciated with the data packets, detect and decode the selected
data packets, assign a weight to the decoded data of each
decoded data packet according to the interference metric
associated with the corresponding data packet, and combin-
ing the decoded data of the data packets according to the
assigned weighting of the decoded data.

13. The apparatus according to claim 12, wherein the pro-
cessing unit 1s further configured to assign the weight to the
data packet inversely proportionally to the interference level
associated with the data packet.

14. The apparatus according to claim 11, the interference
level 1s obtained from transmission parameters of the target
radio connection and the at least one other radio connection.

15. The apparatus according to claim 14, wherein the trans-
mission parameters of a given radio connection include at
least one of the following transmission parameters: transmuit
frequency, transmit power level, 1solation properties with the
other radio connections, transmission time instants, and level
of harmonic components of a transmission signal.

16. The apparatus according to claim 11, wherein the inter-
face 1s configured to receive data packets on a plurality of
subcarriers, and the processing unit 1s further configured to
determine the interference level for each of the plurality of
subcarriers and discard a subcarrier before data detection, 1
the interference level associated with the subcarrier 1s higher
than a predetermined threshold.

17. The apparatus according to claim 16, wherein the pro-
cessing unit 1s further configured to select subcarriers for
detection and decoding according to the interference levels
associated with the subcarriers, configured to detect and
decode the selected subcarriers, configured to assign a weight
to the decoded data of each decoded subcarrier according to
the interference level associated with the corresponding sub-
carrier, and configured to combine the decoded data of the
data packets according to the assigned weighting of the
decoded data.

18. The apparatus according to claim 11, wherein the pro-
cessing unit 1s further configured to adjust transmission
parameters of at least one radio connection operated 1n the
communication device upon detection of the interference
level exceeding a predetermined threshold.

19. The apparatus of claim 11, wherein the received data
packet and the at least one received retransmission data
packet are recerved 1n a hybrid automatic repeat request data
reception.

20. The apparatus according to claim 19, wherein the
received data packet and the at least one retransmission data
packet belong to the same hybrid automatic repeat request
data reception.

21. An apparatus, comprising;:

means for monitoring iterference level caused to a target

radio connection by at least one other radio connection,
the target radio connection and the at least one other
radio connection being operated 1n the same communi-
cation device;
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means for receiving a data packet and at least one retrans-
mission data packet with the target radio connection; and

means for determining a utilization of the received data
packet and the at least one received retransmission data
packet according to the interference level at a time
instant associated with the reception of a corresponding
data packet;

means for discarding the recerved data packet before
decoding the received data packet, 1f the interference
level associated with the data packet indicates the inter-
terence level 1s higher than a predetermined threshold.

22. A radio communication device, comprising:

an interface configured to receive a data packet and at least
one retransmission data packet;

a processing unit configured to monitor interterence level
caused to a target radio connection by at least one other
radio connection, the target radio connection and the at
least one other radio connection being operated 1n the
same communication device comprising the apparatus,
and determine a utilization of the received data packet
and the at least one recerved retransmission data packet
according to the interference level at a time instant asso-
ciated with the reception of a corresponding data packet
at a time 1nstant associated with the reception of a cor-
responding data packet,

the processing unit 1s further configured to discard the data
packet before decoding the recerved data packet, if the
interterence level associated with the data packet indi-
cates the interference level 1s higher than a predeter-
mined threshold.

23. A non-transitory computer program distribution
medium readable by a computer and encoding a computer
program ol instructions for executing a computer process,
comprising;

monitoring interference level caused to a target radio con-
nection by at least one other radio connection, the target
radio connection and the at least one other radio connec-
tion being operated in the same communication device;

recerving a data packet and at least one retransmission data
packet with the target radio connection; and

determiming a utilization of the receirved data packet and
the at least one recerved retransmission data packet
according to the interference level at a time 1nstant asso-
ciated with the reception of a corresponding data packet;

discarding the recerved data packet before decoding the
received data packet, 11 the interference level associated
with the data packet indicates the interference level 1s
higher than a predetermined threshold.

24. The computer program distribution medium according,
to claim 23, the distribution medium including at least one of
the following media: a computer readable medium, a program
storage medium, a record medium, a computer readable
memory, a computer readable software distribution package,
and a computer readable compressed software package.

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

